General anaesthesia profoundly disturbs the ventilatory and respiratory systems. Ventilatory mechanics and gas exchange are modified [1] as is ventilatory control. For instance, the Breuer-Hering reflex [2] is difficult to elicit in the awake human or animal, but is easily demonstrated in the anaesthetized animal [3] and man [3, 4] . Ventilatory response to chemical stimuli, to carbon dioxide [5] , to metabolic acidosis [6] and to hypoxia [7] [8] [9] [10] are diminished. Numerous studies have been undertaken on the effects of hyperoxia on ventilation in the awake or anaesthetized man or animal, but the conclusions, particularly regarding prolonged administration of oxygen, remain controversial.
SUMMARY The ventilatory effects of prolonged oxygen administration were examined in seven dogs during thiopentone anaesthesia. Ventilation, tidal volume (VT), ventilatory rate (\), minute ventilation (VE), inspiratory time (Tl), expiratory time (JE). period (!""), T//T"" and mean inspiratory flow (VT/TI) were measured during the inhalation of room air, after 30 min of oxygen inhalation, and finally after a return to breathing room air. Arterial blood-gas tensions were measured before and after 5, 10, 20 and 30 min of oxygen administration and 15 min after return to breathing room air. Oxygen administration produced an immediate, significant and persistent decrease in ventilation, principally from a decrease in ventilatory rate and changes in ventilatory times. This was in contrast to what occurred in awake animals. Modifications in ventilatory mechanics or suppression of an hypoxic stimulus to ventilation were probably not involved. Anaesthesia may modify centrally mediated ventilatory responses to hyperoxia.
Anaesthesia was induced with thiopentone 0.25 g i.v. and maintained with thiopentone 4 g diluted in 500 ml of saline administered by means of an electric pump (0.29 + 0.08 mg kg" 1 min" 1 ). After induction of anaesthesia the trachea was intubated and an airtight seal was obtained. In order to minimize ventilatory resistance, the tracheal tube was attached to a T-shaped tube. One of the side extensions was connected to a Douglas bag (5 litre) which was supplied with either air or oxygen (FI OI = 1.00). The other side of the T-shaped tube was left open. The flow of gases was adjusted to be markedly greater than inspiratory flow. Rectal temperature was maintained at 38°C + 0.5 by means of a thermostatically controlled heating ). **P < 0.01; ***P < 0.001.
T tot , 7i and 7^ increased, and 7"i/7* tot decreased (table II) . Mean inspiratory flow (FT/7"I) decreased immediately after administration of oxygen and this decrease was sustained ( fig. 2) . After 15 min inhalation of room air, all values returned to basal values and, with the exception of Pa COj , did not differ significantly from these basal values. Systemic arterial pressure and heart rate did not change significantly.
DISCUSSION
The results of this study show that, in the dog during thiopentone anaesthesia, administration of oxygen induced an immediate and sustained decrease in ventilation that was related essentially to a decrease in ventilatory rate. These effects of oxygen differ markedly from those observed in the awake animal and man. In man, immediate and transient hypoventilation has been observed [15] [16] [17] after brief exposure (up to 1 min) to hyperoxia. Identical results have been noted in the awake dog [18] . With prolonged exposure (5-20 min), either no change or mild hyperventilation has been observed [15, 17, [19] [20] [21] . The immediate decrease in ventilation has been attributed to a sudden change in the peripheral chemoreceptor stimulus to ventilation. The subsequent increase in ventilation toward or exceeding control values has been explained less satisfactorily. Several factors, including modifications in blood chemistry and cerebral flow [22] have been implicated, although not fully documented [23] . However, the results of the present study show that general anaesthesia profoundly modifies the response to hyperoxia, thus confirming the earlier studies of Mosso [13] and Marshall and Rosenfeld [14] .
The ventilatory decrease induced by oxygen in the anaesthetized dog may result from various mechanisms: changes in arterial pressure, depth of anaesthesia and ventilatory mechanics, and effects on central ventilatory control. The observed respiratory changes cannot be explained by an influence of baroreceptor activity on respiratory control [24] , since arterial pressure and heart rate did not vary significantly when air was changed to oxygen breathing.
The ventilatory effects of oxygen breathing were similar to the changes in ventilation observed in the dog under thiopentone anaesthesia when anaesthesia is deepened: namely, a decrease in ventilation produced essentially by a decrease in ventilatory rate [25] . However, our results are unlikely to be caused by variation in the level of anaesthesia (deepening or lightening), since there was no significant difference in respiratory parameters (with the exception of Pa C0! ), between air breathing before and after exposure to oxygen. The fact that / J a CO2 was slightly greater than that before administration of oxygen can be explained on the basis that the period of air breathing with the return to base-line ventilation was short compared with the period of oxygen inhalation (15 and 30 min, respectively) and this did not permit elimination of the carbon dioxide accumulated during the 30 min of oxygen-induced hypoventilation.
Hyperoxia may affect ventilatory control through various mechanisms: (1) peripheral effects caused by a decrease in arterial chemoreceptor activity; (2) central effects which result in an increase in breathing caused by suppression of control inhibition [21] , and (3) mixed or indirect effects which may interfere with the control of breathing, cerebral blood flow [22] and central acid-base disturbances [26] . All three mechanisms may be modified by thiopentone. The suppression of the hypoxic stimulus to ventilation by oxygen breathing is possible, but unlikely. Before administration of oxygen, the animals were mildly hypoxaemic (Pa o , = 12.47 + 1.33 kPa) and hypercapnic, which can be explained by the decrease in alveolar ventilation and venous admixture induced by anaesthesia [27] . Hypoxaemia during air breathing was too moderate to stimulate ventilation so that administration of oxygen would decrease ventilation to 3CM0% of that in air. Most importantly, it is well known that anaesthetics, and in particular barbiturates [8, 10] , depress the ventilatory response to hypoxia. The sustained nature of the ventilatory depression produced by oxygen, despite significant hypercapnia, may be explained in part by the fact that anaesthesia diminishes the ventilatory response to carbon dioxide [5] and that this response is also diminished by hyperoxia [28] . Therefore, direct or indirect action on the central mechanisms of ventilatory control, especially those regulating ventilatory times, cannot be excluded.
The effects of hyperoxia on ventilatory times during thiopentone anaesthesia have not been described previously. The immediate and sustained changes after oxygen administration in this study were essentially an increase in both Ti and TE and a decrease in VT/ TI, the latter linked to an increase in Ti. These changes in ventilatory times may result from changes in the mechanical properties of the ventilatory system or in the timing mechanisms of ventilation. The results of the present study do not explain the mechanisms of the ventilatory depression and modification in ventilatory times produced by oxygen in the thiopentone-anaesthetized dog. A study of the effects of hyperoxia in intact, chemically denervated (to study the role of the peripheral chemoreceptors), vagotomized (to study the role of the Breuer-Hering reflex), and decerebrate (to study the role of central structures), awake and thiopentone-anaesthetized animals is needed. Nevertheless, an action of oxygen on central mechanisms of ventilatory control is very likely. Recently, Gautier, Bonora and Gaudy [29] , studying conscious intact, carotid denervated, and lightly or deeply anaesthetized cats, suggested that oxygen may centrally stimulate breathing and offset the decreased input from the peripheral chemoreceptors during hyperoxia in the conscious or lightly anaesthetized animal; this mechanism, very sensitive to anaesthesia, could explain the permanent decrease in ventilation when oxygen is given during deep anaesthesia, which may suppress this central action of oxygen.
